a bacterial luciferase (EC 1.14.14.3), and NAD:FMN oxidoreductase (EC 1.6.8.1) are covalently co-immobilized on a nylon coil(1 m x 1.0 mm i.d.). The assay is highly specific for 7a-hydroxy bile acids. Other bile acids and steroids do not interfere. The continuous-flowlight-emitting system, in which the reactor (nylon coil)is placed in frontof a photomultiplier tube inside a luminometer, is versatile and simple. The flow is air-segmented, and serum samples (5-50 L) can be injected directly. Concentration and response are linearly related from 10 to 2500 pmol per assay tube. The precision of the method is satisfactory (CV 5-10%), both inter-and intraassay. We validated the technique by comparing results with those by RIA, enzyme immunoassay, and "high-performance" liquid chromatography. More than 20 samples an hour can be analyzed, with no carryover. The nylon-immobilized enzymes are stable for more than two months, and >500 Biological methods such as RIA or enzyme immunoassay are more sensitive, but the antisera are specific for only a few bile acids or a class of bile acids (e.g., those that are glycine and taurine conjugated)
(10).
There is wide use of NAIY-dependent enzymes specific for bile-acid hydroxyls, such as 3a-hydroxysteroid dehydrogenase (EC 1.1.1.150) or 7a-hydroxysteroid dehydrogenase (EC 1.1.1.159) (11, 12) . These dehydrogenases oxidize the hydroxyl group of bile acid, with an equimolar production of NADH, which then is measured by spectrophotometry or by fluorometry (13, 14 
Apparatus.
The detection system for the continuous-flow system is based on measurement of the light emitted as a result of the reactions. The flow system (Figure 1 ) involves two streams: the primary one is continuous and contains the working bioluminescent solution; the other stream is a continuous flow of air into which a known volume of sample is intermittently inserted.
The overall system is piloted by a multichannel peristaltic pump (Minipulse HP4; Gilson Medical Electronics, 95400 Villiers-le-Bel, France). Calibrated tubes of different diameters are used to produce different flow rates between the two streams.
In our case the flow rate of the primary and secondary stream was about 2:1. The two streams are joined by a common T-tube inserted into the outlet of the pump. Before reaching the nylon reactor, which is placed inside the luminorneter, the stream passes through a stainlesssteel coil (0.8 mm id.), which both mixes the stream and prevents a possible "optical fiber" light-diffusion effect of the calibrated tube. A similar steel coil is also inserted after the reactor. The reactor, a 1-rn coil of nylon tubing containing the three immobilized enzymes on a transparent support, is positioned in front of the window of the photomultiplier.
A piece of reflecting white cardboard is placed behind the support.
The luminometer we used was the Model 1250 (LKB, Wallac, Sweden), which required only slight modifications of the original light-recording system.
Sampling.
With the aim of developing an easy-and hence low-cost--system, we adopted a sampling method based on the use of commercial calibrated pipettes (P-series; Gilson Medical).
This system consists of a terminal made up of a cone (tip for micropipettes Gilson P-10 or P-200), mounted vertically and in effect a funnel. With a standard pipette the samples (5-100 zL) are dropped into the funnel. Thus the sample is aspirated uniformly, without segmentation.
By using three-way valves (micro valve type 3-TIE, LKB) connected in series at the inlet tube and a standard sampler such as the Model 1512 (Carlo Erba, Milano, Italy), the discontinuous (manual) system can easily be automated. The overall flow rate of the system, 0.6 mL/min, is specifically designed to minimize waste of expensive reagents and to optimize sensitivity.
The light emission is recorded with an LKB Model 2210 or a Chromatopac C-R18 (Shimadzu, Kyoto 604, Japan) recorder. The light emission is proportional to the amount of bile acid injected.
Serum samples.
We examined 15 sera from healthy subjects and 15 from patients with various liver diseases.
Procedures

Sample preparation.
The serum samples were filtered through a Millipore filter, 0.22 an average pore size, and stored at -20 #{176}C. Before the analysis they were diluted with the potassium phosphate buffer according to their expected concentration.
Fresh unfrozen serum was used directly, without filtration.
Immobili.zation of enzymes.
Before immobilizing the enzymes, we formed the nylon coil by heating the nylon tubing (Nylon 6, 1.0 mmi.d.; SNIA Viscosa, Milano, Italy) at 100 #{176}C for 15 mm. We then activated the nylon tube with triethyloxonium tetrafluoroborate (Janssen Pharmaceutica, B-2340 
Results
Enzyme immobilization.
Under the conditions described for coupling, 50 to 70% of the added enzymes were immobilized onto the nylon tube. Many factors are involved in the kinetics of such immobilized enzyme systems (17) , and more details about enzyme characteristics, immobilization, yields, substrate concentrations, and catalytic activities related to inhibitors and activators will be reported elsewhere.
The nylon-immobilized enzymes are very stable. 
Bile acid analysis.
The standard curves were prepared with sodium cholate standards.
The sensitivity is extremely high: as little as 10 pmol of any 7a-hydroxy bile acid can be measured. A typical standard curve ( Figure 2 ) is linear from 10 to 2500 pmol.
Varying the volume of sample injected from 5 to 200 L did not adversely affect the observed response. Data on the precision and accuracy of the method are reported in Table  1 . Two serum samples with low and high concentration of bile acids were assayed to determine intra-and interassay (10 assays over 30 days) variation. At both concentrations the intra-and interassay CV was below 5 to 10%. Analytical recovery was assessed by adding glycochenodeoxycholic acid to a serum for which bile acid concentrations had been determined by radioimmunoassay. Mean recovery ranged from 95 to 102% (n = 10) at both low and high concentrations.
Detector response varied slightly between dihydroxy and trihydroxy bile acids. The reproducibility of the system was extremely good and no carryover was observed. The analysis is carried out directly on serum samples, and 20-30 samples can be determined per hour.
The detector system is also very inexpensive as compared with a spectrophotometer or fluorometer. The rapidity of the reactor without a preincubation step and the high quantum yield of the bioluminescent reaction are strong advantages. Fluorometry of the NADH generated requires more expensive equipment and is subject to noise from interferents.
The bioluminescence method also has the advantage of not being subject to quenching effects from other molecules that might be present in biological samples. The light is emitted and measured at 490 nm, a wavelength at which relatively few compounds absorb (24). In the bioluminescent continuous-flow system the reactor is adjacent to the detector system-i.e., the photomultiplier-thereby minimizing substrate dispersion. By the use of other purified steroid dehydrogenases such as 3a-, 12a-, or 7/3-hydroxysteroid dehydrogenase we can obtain more information on the bile acids in serum.
This work was supported in part by a grant from the Progetto Finalizato of CNR "Chimica fine e secondaria" to G.C. and RB.
